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COLLISION COURSE

Circumference: 27 km 52 km: 240 GeV
Energy: 14 TeV
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High Precision!
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Virtual (Loop) correction

e Analytical Approach
Simple processes only, i.e. not too many
scales. No breakthrough after more than ten
years struggle.

e Numerical Approach
Conventionally too slow. Popular algorithms
are “Sector Decomposition” and “Mellin-
Barnes”



Sector Decomposition

Very General, but conventionally slow.



Quasi-Monte-Carlo & GPU

Z.Li, J Wang, Q.Yan and X.Zhao
Chinese Physics C, Vol. 40, No. 3 (2016) 033103



Vegas/CPU QMC/GPU
—7.959 + 0.009 — 10.5862 4+ 0.0097 | —7.949 + 0.003 — 10.5852 + 0.0052
3.94+ 0.1 —28.12 +£0.12 3.831 4 0.005 — 28.022: 4 0.0052
—3.9 £ 0.8 +92.37 £+ 0.82 —4.63 £+ 0.07 + 92.132 + 0.077
Integration Time 45540s 19s

Z.Li, JWang, Q.Yan and X.Zhao
Chinese Physics C, Vol. 40, No. 3 (2016) 033103
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Z.Li, JWang, Q.Yan and X.Zhao
Chinese Physics C, Vol. 40, No. 3 (2016) 033103




Applied to Higgs palr
production @ LHC
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FIG. 2. Comparison of the virtual amplitude with full top-
quark mass dependence to various ordersina 1/ m; expansion.

"» denotes the Born-improved HEFT result to order N in the
] /'m'f expansion, i.c. Vi = Vv B/Bxy.

S.Borowka, N.Greiner, G.Heinrich,
S.P. Jones, M.Kerner, J.Schlenk,
U.Schubert, T.Zirke
Phys.Rev.Lett. 117 (2016) no.1,




CEPC as Higgs factory
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One million Higgs bosons!



Mixed QCD-EW corrections for Higgs boson
production at e+e- colliders




Mixed QCD-EW corrections for Higgs boson
production at e+e- colliders

V5 (GeV)| o1o (fb) |onwo (fb) |oxnro () |ombie (fb)
240 | 256.3(9) 230.9(4) | 230.9(4)
250 | 256.3(9) 230.2(4) | 230.2(4)
300 | 193.4(7) 172.4(3) | 172.4(3)

(

350 | 138.2(5) | 122.1(1) | 123.9(2) | 123.6(2)
500  [61.38(22)| 53.86(2) | 54.24(7) | 54.64(10)

TABLE I. The NNLO predictions for the total cross sections
at various collider energies.

Y.Gong, Z.Li, X.Xu, L.Yang and X.Zhao
arXiv:1609.03955[hep-ph]



Mixed QCD-EW corrections for Higgs boson
production at e+e- colliders

V5 (GeV) O(m;*)
240 0.4%
250 0.5%
300 11%

TABLE II. Convergence of the 1/m; expansion for the mixed
QCD-EW corrections.

Y.Gong, Z.Li, X.Xu, L.Yang and X.Zhao
arXiv:1609.03955[hep-ph]



Conclusion

Precise prediction is key for LHC & CEPC-SPPC.

Multi-loop with multi-scale can veto many
conventional approaches.

Numerical approach can be an practical &
efficient choice before breakthrough.

Many works are ahead...
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